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Recently, investigators have appreciated the importance of
right ventricular dysfunction in many disease states includ-
ing coronary artery disease (1-3), mitral stenosis and re-
gurgitation (4,5), tricuspid regurgitation (6), pulmonary hy-
pertension (7), congenital heart disease (8) and pericardial
effusion and tamponade (9). Noninvasive techniques, spe-
cifically nuclear gated blood pool and first-pass scanning
and two-dimensional and Doppler echocardiography, have
shed new light on the once forgotten right ventricle. How-
ever, routine functional analysis of the right ventricle is
complex because of its pyramidal shape and structural in-
fluences and interactions: the pericardium, the left ventricle
and importantly its shared wall, the interventricular septum.
Normal and abnormal septal motion. The interven-
tricular septum is a contracting membrane between two blood-
filled chambers (the right and left ventricles). The observed
echocardiographic motion of the septum is dependent on
several factors, namely, spatial mobility of the entire heart,
intrinsic septal contraction (thickening) and relative pressure
gradient between the two ventricles. Normally, in the two-
dimensional diastolic short-axis view, the left ventricle is
circular in shape with the interventricular septum ham-
mocking into the crescent-shaped right ventricle. During
systole, as the heart contracts, the round left ventricular
shape is maintained, the left and right ventricular free walls
thicken symmetrically and the septum moves posteriorly
relative to the anterior chest wall as it contracts.
Two-dimensional echocardiography has elucidated the
ambiguous M-mode term' 'paradoxical septal motion," which
is due to diverse mechanisms and seen in a variety of con-
ditions such as conduction abnormalities (10), myocardial
infarction (11), pericardial effusion (9) and right ventricular
volume overload (12) as well as postoperatively (13). For
instance, after pericardiotomy, there is exaggerated anterior
motion of the entire heart, and the ventricular septum moves
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anteriorly toward the chest wall transducer; thus, it will
appear to move "pardoxically" despite normal contraction.
This is to be differentiated from "paradoxical" motion,
which is actually dyskinesia related to septal infarction, in
which the septum fails to thicken and is passively thrust
anteriorly by reflected intracavitary pressure waves gener-
ated by hypercontractile, normal, residual ventricular
segments.
Ordinarily, isolated septal contraction would result in
thickening without displacement, or a straight flat shape.
Therefore, normal or abnormal septal curvature is frequently
a result of relative ventricular volume and pressure gra-
dients. In right ventricular volume overload states such as
tricuspid regurgitation, the right ventricular diastolic volume
exceeds that of the left and, therefore, the septum is flat or
hammocks into the left ventricle and is concave in relation
to the right ventricle (14-16). During isovolumetric con-
traction in early systole, left ventricular pressure exceeds
that of the right, and the septum bulges into the right ven-
tricle (concave to the left ventricle), However, the rapid
shift of the septum from diastolic posterior hammocking
into the left ventricle to systolic anterior bulging into the
right ventricle is perceived as "paradoxical" or, preferably,
"abnormal" septal motion. In contrast, right ventricular
pressure overload states, such as pulmonary hypertension,
are differentiated by an elevated right to left ventricular
pressure gradient that remains abnormal in both diastole and
systole (17). Hence, during systole, the septum remains flat
or hammocked into the left ventricle and concave to the
right ventricle.
The eccentricity index. The study by Ryan et al. (18)
in this issue of the Journal attempts to quantify the distortion
of the left ventricle due to the abnormal motion of the
interventricular septum in right ventricular pressure or vol-
ume overload states by an "eccentricity index," defined as
the ratio of two short-axis diameters: one that bisects and
is perpendicular to the interventricular septum (01) , and a
second (02) that is perpendicular to 0 1 and parallel to the
septum. In a normal spherical ventricle the eccentricity in-
dex approximates one. The concept of applying this index
to left ventricular geometry is not new. In 1973, Vokonas
et al. (19) advocated it for evaluating ventricular dimensions
in mitral regurgitation by angiographic techniques. They
noted that the normal elliptical left ventricle evolved into a
more globular shape with increasing mitral regurgitation.
In 1980, Schreiber et al. (20) developed an eccentricity
index from the two-dimensional short -axis echogram to as-
sess ventricular geometry in atrial septal defect. They found
an abnormally elevated index (the greater the value, the
greater the degree of deformity) due to the flattening of the
interventricular septum secondary to volume overload, which
partially normalized after repair of the atrial septal defect.
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In the present study, Ryan et al. (18) applied the same
eccentricity index to differentiate right ventricular volume
from pressure overload states. Patients in the two groups
have similar left ventricular shapes and indexes during di-
astole, but the volume overload group has a normal systolic
shape while the pressure overload group has continued dis-
tortion during systole and an elevated eccentricity index.
The method of measuring the eccentricity index can be done
manually without computer assistance and appears to ef-
fectively separate the two groups. For practical purposes,
the eccentricity index can be estimated on-line merely by
observing the left ventricular systolic shape. The volume
overload group consisted primarily of patients with atrial
septal defect and not tricuspid regurgitation, which was
intentionally excluded because of difficulties in its quanti-
fication. Whether this index applies to tricuspid regurgita-
tion remains to be proven. Of greater importance is the lack
of correlation of the eccentricity index with systolic pul-
monary pressure in either the volume or pressure overload
group. Therefore, inferences regarding pulmonary pressure
cannot be made based on the eccentricity index beyond the
arbitrary division of a systolic pulmonary pressure of greater
or less than 45 mm Hg made by the authors to separate the
right ventricular pressure from the volume overload group.
This limitation is related to the septum, whose motion is
mediated by the right to left ventricular volume and pressure
gradient. The authors may have found a closer correlation
of the eccentricity index to the ratio of ventricular pressures
than to actual systolic pulmonary pressure.
Pulmonary artery pressure and right ventricular
function. Because of their anatomic relation, right ven-
tricular function is exquisitely sensitive to alterations in
pulmonary artery pressure. Recently, noninvasive tech-
niques have been used to assess the pulmonary circulation.
Radionuclide right ventricular ejection fraction correlates
well with mean pulmonary artery pressure (6,21). In patients
with atrial septal defect, Shimada et al. (12) showed a good
correlation between four types of interventricular septal con-
figuration and right ventricular systolic pressure as well as
the ratio of left to right ventricular pressure. These findings
have not been confirmed in other right ventricular volume
or pressure overload states. The M-mode pulmonary valve
echogram combined with systolic time intervals correlated
well with pulmonary pressure in a study by Leier et al. (22).
Recent Doppler ultrasound studies accurately measuring
pulmonary pressure have been very encouraging. Kitabatake
et al. (23) reported a close correlation between the ratio of
right ventricular Doppler acceleration time divided by the
right ventricular ejection time and mean pulmonary artery
pressure. Specifically, in patients with tricuspid regurgita-
tion, right ventricular systolic pressure can be obtained with
Doppler ultrasound by adding the transtricuspid valve gra-
dient to the mean jugular venous pressure (24).
Successful efforts have been directed to understanding
the function and interactions of the right ventricle in health
and disease. Additionally, a new focus has developed for
noninvasive cardiology: direct and indirect measurements
of pulmonary pressures for both diagnostic and therapeutic
purposes. The eccentricity index, as proposed by Ryan et
aI., may be applied on-line to effectively and simply esti-
mate right ventricular pressure and indirectly estimate sys-
tolic pulmonary pressure.
1 thank Valentin Fuster, MD for his assistance in preparation of this
manuscript.
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